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Hell, 2011; Kroll, Bobb, Misra, & Guo, 2008; Van Hell & Dijkstra, 2002) . A frequently used technique to examine the co-activation of languages in multilinguals is by using cognate and noncognate words. Cognates are word translations that have orthographic (in same-script languages) and phonological overlap, such as the English-German translation carrot-Karotte, making them similar in both spelling and pronunciation. Non-cognates, in contrast, have negligible phonological and orthographic overlap, such as the English-German translation chicken-Huhn. Cognates have been widely used in bilingual research to investigate how bilinguals exhibit influences from their other language, even in settings where only one language is to be used (e.g., Costa et al., 2000; Costa, Miozzo, & Caramazza, 1999; Hoshino & Kroll, 2008; Kroll, Dijkstra, Janssen, & Schriefers, 2000; Poarch & Van Hell, 2012) . These studies observed that bilinguals name cognates faster than non-cognates. For example, in a picture naming study with Spanish-Catalan bilinguals, Costa and colleagues (2000) found that cognates are named faster than non-cognates both when presented in the second language (L2) and in the first language (L1). Results from this and related studies suggest that phonological representations in both target and non-target languages are activated and retrieved, resulting in bilinguals naming pictures with cognate names faster than pictures with noncognate names. The cognate facilitation effect during picture naming is taken as evidence for coactivation up to the level of phonology of the non-target language lexical candidate during lexical retrieval of the target-language candidate. Costa and colleagues (2000) observed cognate facilitation effects in L1 and L2, although the magnitude of the effect was smaller in L1. The bilinguals in this study were highly fluent speakers of L1 and L2, who had learned both languages at an early age. Recent picture naming studies (Hoshino & Kroll, 2008; Kroll et al., 2000) suggest that language proficiency and language learning history may affect the magnitude of the observed cognate effect and cross-language activation patterns. For example, Kroll and colleagues (2000) tested fairly proficient but unbalanced DutchEnglish bilinguals who were more proficient in their L1 Dutch than in their L2 English, had learned English around the age of 10-11, and lived in an L1 environment (non-L2-immersed). In a picture naming study with cognate and non-cognate pictures, these bilinguals showed a cognate facilitation effect when naming pictures in L2 but not in L1. In a study with 5-8-year-old children, Poarch and Van Hell (2012) found that while German learners of L2 English behaved similarly to the adult bilinguals in the Kroll et al. study, fluent German-English bilinguals and fluent German-EnglishLanguage X trilinguals showed a cognate facilitation effect when naming pictures in L2 and, critically, in L1. Cross-language activation in these children was thus assumed to be modulated predominantly by relative language proficiency. Taken together, the results obtained in these studies show that the stronger a non-target language is, the stronger its effect on the target language, an effect that has been explained on the grounds of a strong language spreading more activation to the weaker language than vice versa, and this becoming particularly visible in naming cognates between two languages.
In the present study, we seek to examine two factors that may affect cross-language activation in production: (a) relative language fluency; and (b) immersion in a language environment other than L1. Specifically, we report three experiments that examined to what extent same-script L3-immersed German-English-Dutch trilinguals (i.e., immersed in an L3 language environment), non-L3-immersed same-script Dutch-English-German trilinguals, and L3-immersed differentscript Russian-German-English trilinguals experience cross-language activation during speech production. To explore this, we examined cognate effects in L2 and L3 picture naming. We were particularly interested in whether (1) the L3-immersion status of each group had an effect on crosslanguage activation patterns between L3 and the other two languages, and whether (2) the L1 Russian and the L1 German trilinguals, both of whom were immersed in their L3, would show
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3 similar or different cross-language activation patterns given that their L1s differed in script. In the remainder of this section, we briefly review studies on bilinguals and trilinguals and outline the effects of proficiency and immersion.
Relative language proficiency has been shown to have an influence on language co-activation in bilinguals. In a study by Van Hell and Dijkstra (2002) , Dutch-English-French trilinguals performed word association and lexical decision tasks in L1. Word association and lexical decision times to L1-L2 and L1-L3 cognates were shorter relative to non-cognate controls, although the L1-L3 cognate facilitation effect reached significance only in trilinguals with sufficient L3 proficiency. These results imply that language co-activation only becomes evident above a specific proficiency threshold, in this case in the L3. Lemhöfer, Dijkstra, and Michel (2004) , in a similar study using an L3 lexical decision task with proficient Dutch-English-German trilinguals, found that all the trilinguals' languages were involved during the process of word recognition and even stronger cognate facilitation became evident for triple cognates (i.e., Dutch-English-German) than for double cognates (i.e., Dutch-German). For sufficiently proficient trilinguals, the cognate effect can thus accumulate over languages in language comprehension tasks. Kroll, Sumutka, and Schwartz (2005) reviewed studies that have shown that for beginning L2 learners, L1 on L2 effects are greater than vice versa. As speakers become more proficient in their L2, the magnitudes of the effects become more similar, although L1 on L2 effects typically still remain greater than L2 on L1 effects. Interestingly, this is even the case in bilinguals who speak two languages with different scripts. Hoshino and Kroll (2008) used cognates to explore cross-language activation in picture naming with same-script and different-script bilinguals. They found that both groups of bilinguals named cognates faster than non-cognates, which in the case of the different-script bilinguals led the authors to assume that during picture naming both languages are activated to the level of phonology during the retrieval process, even when the written form is absent.
A second factor that has been found to affect the co-activation of languages in multilinguals is immersion experience. To explore how access to languages is affected in speakers immersed in an L2 environment, Linck, Kroll, and Sunderman (2009) compared English-speaking learners of Spanish either exposed to Spanish in the classroom or immersed in the L2 environment in Spain. Participants were asked to perform an L2-L1 translation recognition task and verbal fluency tasks in both English and Spanish. Results revealed that the immersed group had reduced access to their L1 relative to the classroom learners. The authors interpreted this as being caused by the necessary inhibition of L1 during immersion in L2. In a study by Levy, McVeigh, Marful, and Anderson (2007) , L1 inhibition was induced in participants in a laboratory setting using the retrieval-induced forgetting paradigm. After having named pictures repeatedly in the L2, participants generated significantly fewer words in L1 than participants who had previously named pictures in L1. As such, these results indicate that whether or not speakers are immersed in L2 environments has effects on the ease of access to all of their languages.
Present study
To test how relative language proficiency and length of language exposure affect cross-language activation across three languages in trilinguals, we manipulated cognate status across different language combinations, namely triple three-language cognates (L1-L2-L3 cognates), double twolanguage cognates (L1-L2 cognates and L2-L3 cognates in L2 naming and L1-L3 cognates and L2-L3 cognates in L3 naming), and non-cognate control words. We then compared L2 and L3 naming performances of L3-immersed German-English-Dutch same-script trilinguals with non- immersed Dutch-English-German same-script trilinguals and with L3-immersed RussianEnglish-German different-script trilinguals.
For the trilinguals in this study, relative language proficiency should have an effect on these individuals' sensitivity to L1 and L3 co-activation when processing in L2 and sensitivity to L1 and L2 when processing in L3. The rationale is that less effort is needed to retrieve and name words that have been used more often by speakers, which in turn is influenced by the current language environment. At the same time, the more proficient speakers become in their languages, the more often they are likely to retrieve and use words in these languages.
Thus, for the same-script trilinguals, cognate facilitation should be observed in naming in L2 if, for example, one (L1 or L3) or both (L1 and L3) non-target languages are also activated during L2 naming. For the different-script trilinguals, if both non-target languages are also activated even when L1 differs in script from L2 and L3, then cognate facilitation across all three languages should be observed. If, however, script is a modulating factor in the co-activation of languages or serves as a cue to direct lexical access, then the Russian-German-English trilinguals are expected to receive no facilitating activation from their L1 Russian. Finally, for all three groups and irrespective of any script differences, whether or not participants are immersed in their L3 may also have an effect on L3 activation. Specifically, those participants immersed in L3 could be assumed to outperform the non-immersed participants' L3 regarding speed and accuracy in L3 naming.
Experiment 1 -L3-immersed same-script trilinguals naming in L2 and L3
Method
Participants. Thirteen female German-English-Dutch trilinguals, enrolled in the Faculty of Social Sciences at Radboud University, Nijmegen, the Netherlands, took part in the experiment. They received course credits for their participation. Their ages ranged from 19.2 to 26.9 years (M = 21.5, SD = 2.0), they had all been born in Germany and had had an average of 8.7 years of English instruction (SD = 1.8) at school. They had been living in the Netherlands for 2.1 years (SD = 1.3) and had had 1.5 years of Dutch instruction (SD = 0.6) during this time.
Participants were asked to fill in a language history questionnaire to assess their language learning biographies and time spent immersed in any of the languages. They also self-rated their proficiencies in speaking, writing, reading, and listening in L1, L2, and L3 on a five-point Likert scale. Participants also completed proficiency tests in German, English, and Dutch: The English X-Lex vocabulary test (Meara & Milton, 2003) and German, Dutch, and English lexical decision tasks (Lemhöfer et al., 2004) . The outcomes of the language background and proficiency measures are given in Table 1 .
They rated themselves highly proficient in speaking German and about equally proficient in L2 English and L3 Dutch (mean difference = 0.3; t(12) = 1.23, p = .22). In the proficiency measures, the L2 English lexical decision accuracy was marginally significantly higher than that in L3 Dutch, t(12) = 2.11, p = .057.
Materials. The materials consisted of two sets of experimental stimuli: one for the L2 English and one for the L3 Dutch picture naming task. One-hundred-and-twenty black-on-white line drawings of common objects were selected from the International Picture Naming Project database (Székely et al., 2004) . The L2 English materials consisted of 20 cognates between L1, L2, and L3 (triple cognates), 12 cognates between L1 German and L2 English and between L2 English and L3 Dutch (double cognates), and 28 non-cognates. The L3 Dutch materials consisted of 19 L1, L2, and L3 (triple cognates), 17 cognates between L1 German and L3 Dutch and between L2 English and L3 Dutch (double cognates), and 24 non-cognates (see stimuli lists in Appendices A and B).
The three word types of picture names in English and in Dutch were matched on frequency (CELEX database, Baayen, Piepenbrock, & Van Rijn, 1993) , word length, name agreement, visual complexity (Székely et al., 2004) , and imageability (Lahl, Goeritz, Pietrowsky, & Rosenberg, 2009) , all p values >.10, save visual complexity in English, in which they differed significantly, F(2,57) = 3.64, p = .03; this difference, however, worked against the predicted cognate effect, as the triple cognates stimuli had higher visual complexity ratings than the other two word types. Table 2 presents the mean word characteristics for the stimuli sets.
Apparatus and procedure. The experiment was programmed in E-Prime (Schneider, Eschman, & Zuccolotto, 2002) and run on a Pentium computer. Voice onset was measured using a microphone (Philips SBC ME570) connected to an E-Prime serial response button box (Schneider, 1995) .
Participants were tested individually and were seated in a dimly lit room approximately 50 cm from the monitor. They were asked to name the objects on the screen as quickly and as accurately as possible in the target language, speaking into the microphone set before them. Throughout the experiment the experimenter (a balanced English-German bilingual) used exclusively the language in which the pictures were to be named by the participants. The experiment was set up in four blocks, the first of which being 15 practice trials. These trials were used to familiarize the participants with the experimental procedure and, if necessary, to give them additional instructions before proceeding. Each of the three experimental blocks was made up of 20 stimuli and was started with the press of a button by the researcher. Note. See text for more details on each of the tests. Standard deviations are in parentheses. a 1 = "never", 2 = "seldom", 3 = "sometimes", 4 = "often", and 5 = "daily". b 1 = "none", 2 = "low", 3 = "moderate", 4 = "moderate to high", and 5 = "native-like" proficiency.
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Each experimental trial was structured as follows. A fixation sign was displayed for 1000 ms followed by a picture for 5000 ms or until the participant responded. The pictures were presented in a pseudo-random order with the restriction that no more than three cognates or non-cognates or pictures with an identical initial phoneme would be displayed in a row. The experimenter used a coding sheet to register the participant's utterances and the experiment was digitally recorded for later analysis. Participants performed the task in the first of the two language conditions, followed by a break of approximately 4 minutes in which the experimenter switched to the language of the upcoming condition, after which the participants performed the task in the second language condition. The order of language conditions was counterbalanced across participants.
Results and discussion
For each participant and each item, mean naming latencies and mean percentages of accuracy were calculated for the three word types in English and Dutch. An omission was scored if the participant had not responded within the 5000 ms allotted for naming after picture presentation. Trials associated with voice-key failures and incorrect responses, as well as outliers with reaction times (RTs) shorter than 200 ms or longer than 2.5 standard deviations (SD) above the participant's mean were excluded from RT analyses. The data for L2 and L3 naming were analyzed separately. One-factor analyses of variance (ANOVAs) were performed by participants (F1) and by items (F2) on the mean naming latencies of the correct responses, as well as on the accuracy rates, with word type (for L2 naming: triple cognates, double cognates, and L2 non-cognates; for L3 naming: triple cognates, double cognates, and L3 non-cognates) serving as the independent variable. In the participant analysis, word type was treated as a within-participant variable, while in the corresponding item analysis word type was treated as a between-items factor. Post hoc analyses included pairwise comparisons by participant with a Bonferroni correction and Tukey HSD (honestly significant difference) comparisons by item. The resulting means and SD values are presented in Table 3 . 1 Naming in L2 English. Voice-key failures made up 7.3% of triple cognates, 4.6% of double cognates, and 5.5% of non-cognates. Outliers made up 1.8% of triple cognates, 2.9% of double cognates, and 2.0% of non-cognates. To prevent extremely low accuracy rates from biasing the pattern of findings, the following data trimming procedures were used. Cut-off points at 40% participant accuracy rate and 25% item accuracy rate were employed, only above which threshold a participant's data and an item's data were entered in the final analysis. Following this, one participant had to be dropped from the L2 and, consequently, also from the L3 data analyses. Note that only the data of participants who had performed above the threshold in both L2 and L3 naming was included in the final analysis. None of the items had to be excluded.
In the naming latency analysis, there was a significant effect of word type, F1 (2,22) = 13.14, MSE = 25,438, p < .001, η p 2 = .54; F2 (2,57) = 3.93, MSE = 137,918, p = .013, η p 2 = .12. The post hoc analysis yielded significantly shorter RTs for triple cognates than double cognates (p1 = .016, 11. The post hoc analysis yielded significantly higher accuracy rates for triple cognates than for double cognates (p1 < .001, p2 = .05) and non-cognates (p1 < .001, p2 = .02). Double cognates and non-cognates did not differ significantly (both p values > .40). Figure 1 displays naming latencies and accuracy rates.
Naming in L3 Dutch. In L3 Dutch naming, voice-key failures made up 2.4% of triple cognates, 1.3% of double cognates, and 0.8% of non-cognates. Outliers made up 1.4% of triple cognates, 0.5% of double cognates, and 2.0% of non-cognates. For data trimming, the same cut-off points were used as in L2 naming. None of the participants or items in the L3 Dutch naming condition had to be excluded.
In the L3 naming latency analysis, there was a significant effect of word type, F1 ( The accuracy data analysis revealed a significant effect of word type by participant, F1 (2,22) = 5.66, MSE = 133, p = .005, η p 2 = .34, and a marginally significant effect by item, F2 (2,57) = 2.21, MSE = 601, p = .06, η p 2 = .07. The post hoc analysis yielded significantly higher accuracy rates for triple cognates than non-cognates (p1 = .02, p2 = .07), and for double cognates than non-cognates (p1 = .034, but p2 > .10). Triple cognates and double cognates did not differ significantly (p1 > .25, p2 > .40). Figure 2 displays naming latencies and accuracy rates.
The results from Experiment 1 showed significantly shorter naming latencies and higher accuracy rates for triple cognates than for double cognates and non-cognates in L2 naming. In L3 naming, triple cognates were named faster than non-cognates, and triple cognates and double cognates were named more accurately than non-cognates. These results indicate that in these same-script L1 German trilinguals, who at the time of the experiment had been and were still immersed in an L3 Dutch Figure 1 . Naming latencies (y-axis) and accuracy rates (z-axis) for L2 picture naming (Experiments 3.1-3.3).
9 environment, there is stronger cross-language activation in L2 naming when all three languages are co-activated by the stimulus (triple cognate) than if only two languages are co-activated (double cognates). In L3 naming, triple cognates were named faster than non-cognates, and triple cognates and double cognates were named more accurately than L2 non-cognates. This could be interpreted as L2 English activation in L3 Dutch naming being less prominent, possibly mirroring an effect of the active daily usage of Dutch paired with the generally strong activation of L1 German. Also, one could assume that the L2 in these participants has not yet reached the proficiency threshold to exert a strong influence on L3 language production, while being immersed in the L3 does affect L3 picture naming.
In an attempt to shed more light on the effect of immersion, in Experiment 2 a group of L1 Dutch trilinguals with the same three languages at their disposal were tested. In contrast to the Experiment 1 participants, these participants were living in an L1 environment, thus non-immersed in their L3. Hence, although both groups of trilinguals were university students at the same Dutch university, and spoke the same three languages, the trilinguals tested in Experiment 1 were immersed in their L3, whereas the trilinguals tested in Experiment 2 were immersed in their L1.
Experiment 2 -non-L3-immersed same-script trilinguals naming in L2 and L3 Method
Participants. Twenty-six female Dutch-English-German trilinguals, enrolled in the Faculty of Social Sciences at Radboud University, Nijmegen, the Netherlands, took part in the experiment. They received course credits for their participation. Their ages ranged from 18.2 to 24.7 years (M = 19.8, SD = 1.8). The participants had all been born in the Netherlands, had had 8.1 years of English instruction (SD = 1.7) and 5.2 years of German instruction (SD = 1.4) at secondary school. They rated themselves highly proficient in speaking Dutch, and more proficient in English than in German (Mean difference = 0.9; t(25) = 5.89, p < .001). Participants also completed the proficiency measures outlined in Experiment 1. Results are displayed in 10
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Materials. The materials consisted of two sets of experimental stimuli: one for the L2 English and one for the L3 German picture naming task. The 60 L2 English naming stimuli, identical to those used in Experiment 1, consisted of 20 cognates between L1, L2, and L3 (triple cognates), 12 cognates between Dutch and English (L1-L2 double cognates) and English and German (L2-L3 double cognates), and 28 non-cognates. The L3 German picture naming materials consisted of 60 black-on-white line drawings of common objects (Székely et al., 2004 ; see Appendix B). There were 18 cognates between L1, L2, and L3 (triple cognates), 16 cognates between Dutch and German (L1-L3 double cognates) and English and German (L2-L3 double cognates), and 26 non-cognates. The three word types did not differ significantly in log frequency (Baayen et al., 1993) , word length, visual complexity, and name agreement, (Székely et al., 2003) , all p values > .20, save visual complexity in L2 English (see Materials section in Experiment 1). Table 2 presents the mean word characteristics for the stimuli sets.
Apparatus and procedure. The apparatus and procedure used were the same as in Experiment 1.
Results and discussion
The data were analyzed as in Experiment 1.
Naming in L2 English. In L2 naming, trials associated with voice-key failures (4.4% triple cognates, 8.3% double cognates, and 8.7% non-cognates), incorrect responses, and outliers (0.6% triple cognates, 2.8% double cognates, and 2.4% non-cognates) were excluded from the RT analysis. Using the same cut-off points as in Experiment 1, 14 participants were dropped from the L2 English naming data analysis. Even though their accuracies on the L2 naming task were above threshold, we excluded their data in the L2 naming analyses because they performed below the accuracy threshold in their L3 German naming. This left 12 participants.
The naming latency analysis yielded a significant effect of word type, F1 (2,22) = 5.55, MSE = 40,919, p = .011, η p 2 = .34; F2 (2,57) = 5.13, MSE = 58,878, p = .005, η p 2 = .15. The post hoc analysis yielded significantly shorter RTs for triple cognates than double cognates (p1 = .024, p2 = .003) and non-cognates (p1 = .002, p2 = .05). Double cognates and non-cognates did not differ significantly (p1 > .25, p2 > .10).
The ANOVA on the accuracy data showed a significant effect of word type by participant only, F1 (2,22) = 9.04, MSE = 80, p < .001, η p 2 = .45; F2 (2,57) = 1.55, p = .11. The post hoc analysis showed significantly higher accuracy rates for triple cognates than double cognates (p1 = .009, p2 = .09) and non-cognates (p1 = .028, but p2 > .20); non-cognates were named marginally significantly more accurately than double cognates (p1 = .06, but p2 > .20). Figure 1 displays naming latencies and accuracy rates.
Naming in L3 German. In L3 naming, trials associated with voice-key failures (4.2% triple cognates, 4.3% double cognates, and 1.2% non-cognates), incorrect responses, and outliers (0.4% triple cognates, 0.9% double cognates, and 0.7% non-cognates) were excluded from the RT analysis. Using the same cut-off points as in Experiment 1, the same 12 participants included in the analysis of the L2 English naming task were included, and 42 of the 60 original items remained for the L3 German analysis.
The L3 naming latency analysis yielded a significant effect of word type, F1 (2,22) = 6.92, MSE = 93,411, p = .003, η p 2 = .39; F2 (2,39) = 3.80, MSE = 212,932, p = .016, η p 2 = .16. The post hoc analysis yielded significantly faster naming latencies for triple cognates than non-cognates (p1 = .017, p2 = .04), and for double cognates than non-cognates (p1 = .028, p2 = .016). Triple cognates and double cognates did not differ significantly (both p values > .30).
The L3 accuracy data also revealed a significant effect of word type, F1 (2,22) = 7.81, MSE = 284, p = .002, η p 2 = .42; F2 (2,39) = 5.03, MSE = 555, p = .006, η p 2 = .21. The post hoc analysis yielded significantly higher accuracy rates for triple cognates than non-cognates (p1 = .025, p2 = .06), and for double cognates than non-cognates (p1 < .001, p2 = .005). Triple cognates and double cognates did not differ significantly (p1 > .40, but p2 = .07). Figure 2 displays naming latencies and accuracy rates.
The results from Experiment 2 yielded significantly shorter naming latencies and higher accuracies for triple cognates than for double cognates and non-cognates in L2 naming, which is in line with the results from Experiment 1. In L3 naming, triple cognates and double cognates were named faster and more accurately than non-cognates. The results obtained with L1 Dutch trilinguals, who had never been immersed in an L3 German environment, indicate that L3 only exerted sufficient co-activation in L2 naming to facilitate naming significantly when stimuli were cognates across all three languages. In L3 naming, the participants' performance showed a pattern in which both triple cognates and double cognates lead to co-activation that resulted in significant cognate facilitation compared to non-cognates. Thus, triple cognates and double cognates had similar effects in L3 naming, whereas in L2 naming they differed. This pattern of results suggests that in L2 naming both the stronger L1 and the weaker L3 are co-activated to speed up naming triple cognates compared to non-cognates, indicating that even the much less-developed L3 seems to exert enough influence to have a significant effect during language production. In L3 naming, however, triple cognates had no significantly stronger effect than did double cognates. A possible explanation is that L1 and L2 have higher baseline activation than L3, which in these participants had not yet reached the proficiency threshold to exert more influence in L3 language production. One could assume that this may also be linked to the fact that these participants were not immersed in their L3, in contrast to the participants in Experiment 1.
To further explore effects of immersion in L3 on language co-activation, and to examine to what extent cognate effects would emerge in bilinguals whose languages have different scripts, we tested L3-immersed and different-script L1 Russian trilinguals in Experiment 3.
Experiment 3 -different-script trilinguals naming in L2 and L3
Method
Participants. Twenty-eight female Russian-English-German trilinguals, enrolled in the English department at Goethe University, Frankfurt, Germany, volunteered to take part in the experiment. Their ages ranged from 23.6 to 32.4 years (M = 26.5, SD = 2.2). All participants had been born in Russian-speaking countries. They had had English instruction for 10.3 years (SD = 1.9) and had lived in an English-speaking environment for an average of 0.2 years (SD = 0.4). They had German instruction for 5.5 years (SD = 2.3), most of which after their arrival in Germany, and had been living in Germany for a period of 6.5 years (SD = 3.2); the mean age of arrival was 20.1 (SD = 3.9). The L1 Russian trilinguals rated themselves highly proficient in speaking Russian, and equally proficient in both English and German, t(27) = 1.70, p > .10. Participants also completed the X_Lex in English and the lexical decision tasks in L2 English and L3 German (see Table 1 for results). The participants' lexical decision task scores in English and German did not differ significantly, t(27) < 1.
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For the picture-naming task, one-hundred-and-twelve black-on-white line drawings of common objects were selected (Székely et al., 2004) . The L2 English materials consisted of 18 cognates between L1 Russian, L2 English, and L3 German (triple cognates), 19 L1-L2 and L2-L3 cognates (double cognates), and 19 non-cognates. The L3 German picture naming materials entailed 18 triple cognates, 18 L1-L3 and L2-L3 double cognates, and 18 non-cognates (see stimuli list in Appendices C and D).
The three types of stimuli, in English and in German, were matched on frequency (CELEX database, Baayen et al., 1993) , word length, name agreement, visual complexity (Székely et al., 2004) , and imageability (Lahl, Goeritz, Pietrowsky, & Rosenberg, 2009 ), all p values >.10. Table  2 presents the mean word characteristics for the stimuli sets.
Apparatus and procedure. The apparatus and procedure used were the same as in Experiments 1 and 2, the only difference being that in both language conditions, the three experimental blocks were made up of two blocks of 19 stimuli and one block of 18 stimuli.
Results and discussion
The data were analyzed as in Experiments 1 and 2.
Naming in L2 English. Trials associated with voice-key failures (8.4% triple cognates, 8.0% double cognates, and 7.1% non-cognates), incorrect responses, and outliers (1.3% triple cognates, 2.3% double cognates, and 3.2% non-cognates) were excluded from the RT analysis. Using the same cut-off points as in Experiments 1 and 2, none of the participants and items had to be dropped from both L2 English and L3 German naming data analyses.
The naming latency data analysis revealed a significant effect of word type, F1 (2,54) = 14.84, MSE = 26,228, p < .001, η p 2 = .36; F2 (2,53) = 3.10, MSE = 52,996, p = .027, η p 2 = .11. The post hoc analysis yielded significantly shorter RTs for triple cognates than double cognates (p1 < .001, but p2 > .20) and non-cognates (p1 < .001, p2 = .032), while double cognates and non-cognates did not differ significantly (p1 > .40, but p2 = .06).
The L2 English accuracy data analysis showed a significant effect of word type by participants, F1 (2,54) = 31.27, MSE = 65, p < .001, η p 2 = .54, which was only marginally significant by items, F2 (2,53) = 2.08, MSE = 480, p = .068, η p 2 = .07. The post hoc analysis showed significantly higher accuracy for triple cognates than for double cognates (p1 < .001, but p2 > .15) and non-cognates, (p1 < .001, p2 = .06); this data pattern mirrors the RT analysis. Double cognates and non-cognates did not differ significantly (both p values > .40). Figure 1 displays naming latencies and accuracy rates.
Naming in L3 German. In L3 naming, trials associated with voice-key failures (15.1% triple cognates, 10.4% double cognates, and 12.7% non-cognates), incorrect responses, and outliers (0.6% triple cognates, 2.1% double cognates, and 3.4% non-cognates) were excluded from the RT analysis.
The naming latency data revealed a significant effect of word type, F1 (2,54) = 17.78, MSE = 13,833, p < .001, η p 2 = .40; F2 (2,53) = 4.74, MSE = 24,103, p = .007, η p 2 = .15. The post hoc analysis yielded significantly shorter naming latencies for triple cognates than double cognates (p1 < .001, p2 = .025) and non-cognates (p1 < .001, p2 = .008), while double cognates and non-cognates did not differ significantly (p1 > .15, p2 > .40).
The L3 German accuracy data revealed a significant effect of word type, F1 (2,54) = 12.73, MSE = 59, p < .001, η p 2 = .32; F2 (2,53) = 2.58, MSE = 126, p = .043, η p 2 = .09. The post hoc analysis yielded significantly higher accuracy rates for triple cognates than double cognates (p1 < .001, p2 = .05) and non-cognates (p1 < .001, p2 = .07), while double cognates and non-cognates did not differ significantly (both p values > .40). Figure 2 displays naming latencies and accuracy rates.
The different-script L1 Russian trilinguals' performance in L2 and L3 naming showed significantly shorter naming latencies and higher accuracy rates for triple cognates than for double cognates and non-cognates. These results indicate that in these participants, who at the time of the experiment were immersed in the L3 German environment, there is cross-language activation of their L1 Russian, L2 English, and L3 German both in L2 naming and L3 naming. This suggests an equally high baseline activation of L2 and L3, possibly mirroring both the active usage of English and German as languages of instruction at university and the active usage of German (along with Russian) in personal interactions inside and outside of university. These participants have thus reached and overcome possible thresholds in their L2 and L3 to allow these languages to exert influence on the other languages and thus for cross-language activation to take place. Again, while cross-language activation in bilinguals from their L1 on L2 or L3 has been shown in multilinguals with a wide variety of L2 and L3 proficiency levels, the L2 or L3 only exerts influence on the L1 if sufficient L2 and/or L3 proficiency has been reached (Costa et al., 2000; Poarch & Van Hell, 2012; Van Hell & Dijkstra, 2002) .
Overall analyses of Experiments 1-3
To address the predictions made in the first section concerning the impact of immersion and relative language proficiencies in L2 and L3 on the ease (and thus the speed) of lexical access and cross-language activation, two additional analyses were conducted on the overall naming latencies and on the cognate effect magnitudes.
Firstly, the participant groups' overall L2 and L3 picture naming latencies were compared to assess whether immersion and language proficiency would modulate speed of access to L2 and L3, speeding up naming for those immersed and/or those with higher relative language proficiency in contrast to those participants non-immersed and less proficient. To test this, the collapsed overall picture naming latencies in L2 (English) and in L3 (Dutch, German, Russian) as an index of relative ease of lexical access, the accuracy scores in the L2 and L3 lexical decision tasks and the self-ratings for L2 and L3 as measures for L2 and L3 proficiencies, length of L2 and L3 instruction, and length of L2 and L3 immersion were correlated. L2 naming latencies correlated with none of these factors. L3 naming latencies, in contrast, correlated with length of immersion in L3 (r = −.67, p < .001), with length of instruction in L3 (r = −.24, p < .05), and with L3 self-rating scores (r = −.76, p < .001).
Subsequent multiple regression analyses were performed on the naming latencies in L3, with length of immersion in L3, length of L3 instruction, and L3 self-rating scores as predictors. The regression analysis showed that 44.5% of the variance in the L3 naming latencies was accounted for by length of immersion in L3 and 16.6% by the L3 self-rating scores (F(2,49) = 38.51, p < .001); adding length of L3 instruction did not significantly increase the variance accounted for. This means the longer the participants had been immersed in L3 (B = −26.65, β = −.26, p < .05) and the higher their self-rated L3 proficiency (B = −309.69, β = −.58, p < .001) the faster they named pictures in L3.
Secondly, to assess which of the variables may have had a modulating effect on cross-language activation as indexed by the cognate effect magnitudes, the magnitudes of the cognate facilitation effect in L2 picture naming (English) and L3 picture naming (Dutch, German, Russian) and the same set of variables used above were correlated (see Table 3 for cognate effect magnitudes in L2 and L3 naming). The correlation analyses showed no significant correlations for the cognate effect
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International Journal of Bilingualism 0(0) magnitudes in L2 with any of the factors. In contrast, the triple cognate effect and the double cognate effect in L3 naming correlated with length of immersion in L3 (r = −.32, p < .01 and r = −.33, p < .01, respectively) and with L3 proficiency (r = −.43, p < .01 and r = −.34, p < .01, respectively).
Subsequent multiple regression analyses were performed on the triple cognate effect and on the double cognate effect in L3 naming, with length of immersion in L3 and L3 proficiency as predictors. The regression analysis showed that 10.3% of the variance in the triple cognate effect magnitude in L3 naming was accounted for by length of immersion in L3 and 8.2% by L3 proficiency (F(2,49) = 5.58, p < .01). This means the longer the participants had been immersed in L3 (B = −28.10, β = −.32, p < .05) and the higher their L3 proficiency (B = −184.87, β = −.41, p < .05), the smaller the triple cognate effect magnitude in L3 picture naming. The regression analysis for the double cognate effect magnitude showed that 11.1% of the variance was accounted for by length of immersion in L3 (F(1,50) = 6.23, p < .05) and 11.9% by L3 proficiency (F(1,50) = 6.73, p < .05). This means the longer the participants had been immersed in L3 (B = −29.42, β = −.33, p < .05), and the higher their L3 proficiency (B = −158.91, β = −.34, p < .05), the smaller their double cognate effect magnitude in L3 picture naming.
The results from these analyses indicate that both length of immersion and self-assessed proficiency are the best predictors for speed of lexical access and retrieval in L3 naming and for the cognate effect magnitudes in L3 naming. Particularly the magnitudes of both the triple cognate facilitation effect and the double cognate facilitation effect were significantly modulated by length of immersion in the L3 and self-assessed L3 proficiency. It seems thus that immersion in L3 exerts influence in L3 naming across the three groups of participants that differs from the influence it exerts in L2 naming.
General discussion
The present study provides a unique contribution to the literature in that it examines three groups of trilinguals who differed in relative language proficiency and immersion experience. The goal of this study was to study triple and double cognate effects in these three groups of trilinguals and to shed light on whether during language production cross-language activation is modulated by relative language proficiency and immersion experience in adult trilinguals who had sustained and substantial input in three languages. The findings indicate that in trilinguals, the immersion experience and relative proficiency potentially affect cross-language activation of non-target languages during L2 and L3 picture naming. The results are in line with earlier findings of cognate facilitation in bilinguals by Costa et al. (2000) , Hoshino and Kroll (2008) , and Poarch and Van Hell (2012) , now extended to same-and different-script trilinguals in various L3-immersion settings.
In line with earlier research on word recognition in trilinguals (cf. Lemhöfer et al., 2004; Van Hell & Dijkstra, 2002) , the results obtained in this study show cross-language activation of three languages during picture naming. As in the Lemhöfer et al. study, but extended to language production, the cognate facilitation effect in the present study accumulated over languages in that cognates across three languages yielded more facilitation than cognates across only two languages in both same-and different-script trilinguals. This was found consistently, however not always significantly, for all groups of trilinguals during L2 naming. Such an effect can only be accounted for by assuming that all three languages, irrespective of script, were involved during the process of retrieval and production.
The same-script German-English-Dutch trilinguals in Experiment 1 showed an L2 naming performance pattern in which triple cognates were processed significantly faster than double cognates and non-cognates. In L3 naming, in contrast, triple cognates were processed significantly faster than non-cognates only, which we tentatively interpret as L2 English exerting less influence in these speakers than L3 Dutch, the language in which they were immersed. This view is supported by the accuracy data in which there is a similar pattern with significant facilitation for double cognates over non-cognates. Overall, the participants' performance could be assumed to reflect the amount of exposure more so than relative language proficiencies. In Experiment 2, the same-script Dutch-English-German trilinguals displayed an L2 naming performance pattern in which facilitation became evident with triple cognates only, while in L3 naming, the triple cognates and double cognates facilitated naming significantly. This pattern might be a reflection of lack of exposure to L3 German and relatively higher L2 English proficiency. In Experiment 3, the Russian-English-German trilinguals showed similar naming performances in L2 and L3, both in terms of latencies and accuracy rates, which parallels their relatively balanced language proficiencies in L2 English and L3 German, as well as regular language exposure to both languages. In these speakers, in L2 and L3 naming, facilitation became evident when all three languages were involved.
How can the observed cognate facilitation effects be explained? The language co-activation view explains the cognate facilitation effect by postulating that cognate words receive higher activation from all languages involved, whereas non-cognates only receive activation from their dominant language. Phonological and, to a lesser extent, orthographic overlap would then be at the base of the cognate facilitation effect. If both the target and the non-target languages are co-activated during word access, then the triple activation of identical or near-identical phonology and orthography would be sufficient to cause facilitation in naming such stimuli. Moreover, in bilingual speakers the links between the semantic system and the lexical nodes are stronger in the dominant language compared to the non-dominant language (cf. Kroll & Stewart, 1994) . As a consequence, when bilinguals retrieve cognates during picture naming in the non-dominant language, strong activation of translation equivalents in the dominant language spread to the phonological level, which in turn facilitate the retrieval of the phonological segments in the non-dominant language. In other words, if one assumes that during word retrieval one conceptual representation is activated, and that pictures (denoting concrete words) have a large overlap in meaning in the languages of bilinguals and trilinguals (e.g., Laxén & Lavaur, 2009; Van Hell & De Groot, 1998) , then the activation of a cognate's semantic representation should be stronger given that this activation has at its base not only one but two or possibly three language sources that provide phonological, orthographic, and semantic overlap.
Alternatively, in a cumulative frequency view (e.g., Strijkers, Costa, & Thierry, 2010) , the cognate effect could simply be a word frequency effect that accumulates over time in multilinguals, given the repeated activation of a cognate's overlapping features irrespective of in which language the word is accessed. Non-cognates, which have no phonological and orthographic overlap, would conversely be rendered lower frequency words, while cognates would effectively be higher frequency words. This could then be at the base of the cognate facilitation effect being strongest for triple cognates than double cognates and non-cognates.
Finally, a learning-based explanation could also be drawn on to explain the cognate facilitation effect. In this view, pre-existing L1 memory representations are utilized during the learning of L2 and L3 words (e.g., De Groot & Keijzer, 2000) . Because the orthography and phonology of L2 and L3 cognates are more similar to their L1 translations than those of non-cognates, learners are more inclined to directly map novel L2 and L3 cognates onto the existing L1 lexical-semantic representations during learning. This results in higher cross-language overlap of orthographic, phonological, and semantic codes for cognates than for non-cognates. The facilitation effects of double and triple cognates during lexical retrieval in picture naming should therefore reflect how extensively these cognates were mapped to the L1 lexical-semantic representations during learning and how strongly they are co-activated for production purposes. One would then expect triple cognates to possibly receive more co-activation than double cognates only if the triple cognate mapping was more extensive than double cognate mapping (see De Groot & Van Hell, 2005 , for the integration of newly learned foreign language words). For non-immersed trilinguals, the fully overlapping
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integration of triple cognates may be less likely, which is a possible explanation for the participants' L3 naming performance in Experiment 2, in which the facilitation of triple cognates and double cognates over non-cognates did not differ significantly.
Irrespective of which specific account is more fitting, the pattern of the cognate effect obtained in this study indicates parallel co-activation of all the languages involved. We have shown that when trilinguals named pictures in one of their non-dominant languages not only did the dominant language exert an influence on the non-dominant languages, but also the second non-dominant language. Thus, the cognate facilitation found in bilingual picture naming (Costa et al., 2000; Hoshino & Kroll, 2008; Poarch & Van Hell, 2012) can be extended to trilingual picture naming. In trilinguals, not only the L1 exerts influence on L2 and L3, but, critically, the non-dominant languages learned later in life also exert influence on one another, as has been shown for syntax, lexicon, and phonology by, for example, De Angelis (2007), De Angelis and Dewaele (2011) , and Jarvis and Pavlenko (2008) . One could then also assume that both L2 and L3 should also exert influence on L1, which was borne out in the study by Van Hell and Dijkstra (2002) in recognition tasks in relatively proficient trilinguals and, more recently, in a picture naming study with bilingual and trilingual children (Poarch & Van Hell, 2012) . Furthermore, the results obtained in the present study are in line with those in the picture naming study by Hoshino and Kroll (2008) , who observed cognate facilitation for both different-script Japanese-English and same-script Spanish-English bilinguals, suggesting language co-activation of phonology even in different-script bilinguals, which is in line with the Russian-English-German trilinguals tested in Experiment 3.
To conclude, the results of the present experiments provide evidence for trilingual language activation irrespective of whether all three languages share the same script or whether one of the languages, in this case the L1, is of a different script. Furthermore, cross-language activation in trilinguals is modulated by their time spent immersed in the non-dominant languages and their usage frequencies, and their non-dominant languages' proficiencies. The activation levels of the non-dominant language(s) need to be sufficiently developed to allow for any cross-language activation that results in a cognate facilitation effect when naming in one of the non-dominant languages.
